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Abstract
During 2000 several new instruments were tested for
LHC type beams. The head-tail monitor was used to
measure chromaticity and transverse instabilities, the
Individual Bunch Measurement System (IBMS) allowed
the acquisition of intensity information for all bunches,
and a prototype LHC orbit system was tested for bunch-
by-bunch position information. The OTR Screens in the
transfer line were used for batch and bunch profile
measurements, the OTR ring monitor for turn-by-turn
measurement in the SPS at injection, the Ionisation
Profile Monitor for integrated and turn-by turn H profile
measurements, and the Luminescence Monitor for
integrated horizontal and vertical profile acquisitions.
Finally, during the last SPS MD of the year the "AC-
dipole" was investigated as a possible source of emittance
conserving beam excitation. The results from all these
instruments will be discussed in this paper and the plans
for 2001 will be presented.
1  EMITTANCE MEASUREMENTS
2.1  OTR Monitor
When a charged beam traverses the boundary between
two media with different dielectric constants, so-called
transition radiation is generated. Since this is a boundary
effect, the intercepting medium can be made very thin,
typically in the order of microns.
The basic set-up for the Optical Transmission
Radiation (OTR) Monitor is shown in figure 1. When the
beam traverses the surface of the 12Pm titanium screen
two cones of light are emitted, one along the beam axis
and the other at a right angle to the beam axis. The cone
emitted at right angles to the beam axis is extracted from
the vacuum chamber and imaged on an intensified CCD
array to give a two dimensional beam profile. Such a
series of profiles is shown in figure 2.
In 2000 there were a total of eight OTR screens
installed, seven in the TT10 transfer line and one in LSS4
in the main SPS ring. Results from the transfer line OTR
systems will not be covered in this section (see C.-Y.
Chao, Proceedings of Chamonix XI, 2001).
The ring OTR system is used to measure the mismatch
of the PS-SPS injection [1]. With correct betatron
matching, the size of the injected beam in the SPS
remains constant. Any mismatch leads to a modulation of
the beam size at twice the betatron frequency, and
eventually to beam blown-up through filamentation. One
CCD acquisition records four SPS beam images each
separated by 8 turns (see figure 2). The corresponding
horizontal and vertical profiles for each image are
extracted and analysed to calculate the beam size. By
moving the first turn profiled by one turn for 8
consecutive injections it is possible to build-up a
complete picture of the beam size evolution over the first
32 turns. From this, any mismatch is clearly visible as a
beating in the horizontal and vertical profiles. Figure 3
shows the results from the last SPS MD of 2000, where
the injection line was expressly configured for a large
mismatch.






Figure 1: The OTR Principle
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For 2001 the system is being upgraded to allow the
capture of up to eight profiles per acquisition. In addition
a second screen will be installed in a dispersion free
region of LSS5 of the SPS.
2.2  Luminescence Monitor
The luminescence monitor produces a beam profile by
imaging the light emitted by nitrogen gas molecules
returning to their ground state after having been excited
by the beam [2]. A local pressure bump of ~5u10-7 Torr is
used to provide the necessary number of nitrogen
molecules to allow profiles to be captured every 20ms.
The set-up is shown in figure 4.
Results from measurements carried out in the vertical
plane during SPS fixed target operation are shown in
figure 5. An offset of 12% was found between the
normalised vertical rms beam size and that measured by a
wire scanner located 244m upstream of the monitor. This
discrepancy can be attributed to the error in the
knowledge of the beta function between the wire scanner
and luminescence monitor position. After taking into
account this constant offset, a very good agreement to
within 2% is found between the wire scanner and
luminescence monitor measurements. It can also be seen
that there is considerable emittance blow-up in the
vertical plane, which was not seen when the same
measurements were performed in the horizontal plane.
2.3  Rest Gas Ionisation Profile Monitor
The Ionisation Profile Monitor (IPM) of the SPS
produces horizontal beam profiles by imaging the
electrons liberated when the beam passes through the
residual gas present under normal vacuum operating
conditions. These liberated electrons are incident on a
micro-channel plate where they are accelerated onto a










































Figure 3: Horizontal (top) and vertical (bottom) rms beam
size evolution after injection in the SPS for mismatched
injection optics.
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Figure 5: The normalised vertical rms beam size
during the fixed target cycle as measured by the
wire scanner and luminescence monitor.
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phosphor screen. The resulting light emission is imaged
using either a CCD or a multi-anode photo multiplier
array [3].
In 1999 the measurements performed using the IPM
with the CCD detector were found to contain signal tails
which did not appear on the wire scanner profiles (see
figure 6). These were independent of the current density,
were not significantly affected by the applied magnetic
field and were not due to secondary electron emission. It
was therefore decided to reduce the aperture of the
objective lens to minimise any non-linearities. Figure 6
shows a comparison of the data collected in 1999 and
2000, from which it is clear that this reduction in the
objective lens aperture eliminates the tails, and leads to
very clean signals.
 Using the IPM with the CCD detector allows a profile
measurement to be made every 20ms (870 SPS turns),
and where the intensity limit with the present monitor was
found to ~6u109 p/b, which is slightly above that of the
LHC pilot bunch. Possible improvements to this set-up
include installing a low-noise camera and using a double
stage multi-channel plate, which should give an overall
gain of ~50. This would allow the profile of the nominal
LHC beam to be measured in a few turns, and that of the
LHC pilot bunch in less than 50 turns.
Using a multi-anode photo-multiplier array for imaging
instead of the CCD camera allows the beam profile to be
measured on a turn-by-turn basis. In 2000, a 16-anode
photo-multiplier was used in the SPS for such turn-by-
turn measurements. The usual mode of operation
consisted of averaging the profile from 40 bunches over
one turn, although it was also just possible to measure the
turn-by-turn profile for a single bunch of high intensity.
Figure 7 shows a turn-by-turn measurement performed at
injection in the SPS. The injection oscillations are clearly
visible, as is the resulting emittance blow-up. A single
profile from the 16-anode photo-multiplier is shown in
the top right hand corner of figure 7. By increasing the
number of anodes to 32 and tuning the optics, a factor ~3
improvement in the resolution is thought to be possible.
2  CHROMATICITY MEASUREMENT
During 2000, a so-called ‘Head-Tail’ monitor was
commissioned in the SPS. The aim of this monitor is to
measure the chromaticity by observing the relative
dephasing and rephasing of the head and tail of a single
bunch after transverse excitation [4]. The hardware
basically consists of a stripline coupler linked to a fast
(4GS/s) digital oscilloscope.
The coupler which was used in 2000 was located in
BA2 and had a stripline length of 37cm, meaning that a
bunch of up to 2.5ns in length could be completely
resolved, whereas longer bunches are affected by the
stripline reflection. In the SPS the typical, total bunch
length is of the order of 4ns, meaning that for the
measurements performed in 2000, only the head and
centre of the bunch could be used, since the tail was lost
in the reflected part of the signal. A typical acquisition is
shown in figure 7.
Most of the measurements were performed during the
SPS ‘25ns run’ in May, when 84 bunches spaced by 25ns
and with intensities of ~3u1010 particles/bunch were






Figure 6: A comparison of 1999 and 2000 data from
the IPM. The suppression of the tails is clearly seen in
the 2000 data.
Figure 7: A typical head-tail acquisition showing the
oscillation of head and tail, their relative dephasing








Figure 7: Turn by turn profile measurements using 40
bunches, with the multi-anode photomultiplier detector
of the IPM.
103Chamonix XI
damper was always switched off during the acquisition. A
comparison of the Head-Tail chromaticity with that
obtained from the usual radial steering technique is
shown in figure 8 for an energy of 115GeV.
It can be seen that there is a good linearity between the
two results, but that a correction factor has to be applied
to the Head-Tail results. This correction factor varies
between 0.4 and 0.6 depending on the energy of the
beam. More studies are required to determine the origin
of this factor.
What can also be seen from figure 8 is that it is
possible to measure the variation in chromaticity with
radial position using the Head-Tail technique. This is
illustrated more clearly in figure 9, where the
chromaticity was mapped for several different radial
positions, giving a fairly precise measure of Q’’.
The measurement of chromaticity at a repetition rate of
0.5Hz was also demonstrated using the Head-Tail
monitor, with the excitation being provided by the four
Q-kickers installed in the SPS, each one set to kick at a
different time. The repetition rate was limited by the
transfer of data and the re-arming of the oscilloscope
rather than by the technique itself, which requires only
around 400 turns (~10ms) for an acquisition.
In 2001, a new coupler with a stripline length of 60cm
will be installed in LSS4 of the SPS, which will allow the
total separation of signal and reflection for bunches with
a total length of up to 4ns. Further studies will be
performed using this new set-up to investigate
impedance, intensity and coupling effects on this
measurement.
 3  INDIVIDUAL BUNCH MEASUREMENT
In order to investigate the behaviour of individual
bunches within an LHC batch, an Individual Bunch
Measurement System (IBMS) is in the process of being
installed in SPS. The finished system will provide bunch-
by-bunch intensity measurements correlated with bunch-
by-bunch transverse position measurements, and will be
based on the LHC orbit and trajectory system. First tests
with this system were performed in the SPS during 2000.
3.1  Intensity using IBMS
The bunch-by-bunch intensity measurement is based
on a fast beam current transformer (FBCT) and a 40MHz
acquisition system. There are three systems installed, one
in TT2, one in TT10 and the other in BA1 of the SPS
ring. Each of these was affected by the high droop of the
current transformers (figure 10) and the noise caused by
resonances induced by the old transformer housings
(figure 11). All of these systems will be replaced during
the coming years with a low-droop transformer in a
specially designed housing.
Due to these problems with the transformers, the
acquisition system had to use a low-pass filter at 60MHz
to reduce the effects of the resonances, and to sample
both the peak and valley of the signal in order to take the
droop into account. Another problem with the acquisition
system of the ring FBCT concerned the timing signals.
The timing is derived from the RF system in BA3 and
transmitted to BA1. During acceleration, the flight time
of the beam from BA3 to BA1 changes as the energy
increases, which leads to a dephasing between the FBCT
Figure 10: The FBCT response to one LHC batch in the
SPS, with the droop clearly visible.
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Figure 9: The variation of chromaticity with radial
position as measured by the Head-Tail technique.
C omparison of Head-Tail C hromaticity  M easurements
with Radial S teering M easurements at 115GeV in the SPS 
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Scaling factor of 2.2 (=0.45-1) at 115GeV
Figure 8: A comparison of Head-Tail chomaticity
measurements with radial steering measurements at
115GeV in the SPS.
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acquisition and the beam. This will be resolved in 2001
by using software to rephase the acquisition during the
ramp.
The acquisition system and related software is
currently capable of collecting a maximum of 16 bunches
on a turn-by-turn basis, or N bunches every N/16 turns. A
typical acquisition of the whole LHC batch for a given
turn is shown in figure 12. In this case one of the PS
booster injections was missing to create a hole in the
batch for electron cloud studies. Bunch-to-bunch intensity
variations are also clearly visible.
By looking at selected individual bunches it was
possible to investigate where along the batch any losses
were occurring. Figure 13 shows an acquisition for 8
bunches, 4 at the head of the batch and 4 at the tail. It can
be seen that only the bunches at the tail of the batch
undergo beam loss due to instabilities.
3.2  Transverse Position using the Head-Tail
monitor
As well as being used for the chromaticity
measurements outlined in section 2, the Head-Tail
monitor was, for most of the year, the only instrument
capable of providing bunch-by-bunch position
measurements. It was therefore extensively used for the
study of transverse instabilities in the presence of the
electron cloud phenomena. Results from these studies
determined that coupled bunch instabilities were present
in the horizontal plane, while the vertical plane suffered
from single bunch instabilities. Figure 14 shows a typical
acquisition.
3.3  Transverse Position using the Prototype
LHC Orbit and Trajectory System
The first complete prototype of the LHC orbit and
trajectory system was installed and tested in BA4 of the
SPS during the course of 2000. It consisted of an
analogue acquisition and digitalisation card linked to a
Digital Acquisition Board (DAB), the latter designed in
collaboration with TRIUMF (Canada).
The analogue acquisition is performed using the Wide
Band Time Normaliser (WBTN) principle [5], and uses
signals generated by a beam position monitor (BPM) with
button electrodes, which is installed in LSS4 of the SPS.
The acquisition is auto-triggered, works at a frequency of
40MHz and produces a 10 bit digital output. This
digitised signal is treated by the DAB card to produce a
continuous orbit measurement, with the possibility of
parallel trajectory measurements on request. Only this





Figure 14: Results from the investigation of transverse
instabilities using the Head-Tail monitor.
Figure 12: Typical IBMS display, which in this case
shows the intensity for all the bunches in an LHC batch
with one PS booster ring injection missing.
Figure 11: FBCT response to single bunches, showing
the resonances due to the housing.
4 bunches at head of batch
4 bunches at tail of batch
Total batch
intensity
Figure 13: Individual bunch acquisition using IBMS.
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allowed N bunches to be captured for T turns, where NuT
< 64000.
By the end of the year this system was semi-
operational, and replaced the Head-Tail monitor as the
instrument to measure the transverse position bunch-by-
bunch.
A typical result from an LHC batch affected by
instabilities is shown in figure 15. The first bunch in the
batch is seen to be stable, while bunches further along the
batch are affected by the electron cloud, giving rise to
transverse instabilities. The re-stabilisation of these
bunches further along in the cycle can be explained by
the decrease in their intensity due to beam loss, as shown
by the IBMS system in figure 13.
During the coming years the IBMS system will be
extended to include such bunch-by-bunch position
measurements, and will be fully based on the LHC orbit
and trajectory system.
 4  OTHER STUDIES IN 2000
4.1  "AC-Diple" Excitation
The so-called “AC-Dipole” principle allows the
excitation of transverse oscillations to large (several V)
excursions without emittance blow-up. The idea was
originally proposed and tested at BNL for resonance
crossing with polarised beams, using an orbit corrector
dipole with an excitation frequency close to the betatron
tune, hence the term “AC-Dipole”. This method of beam
excitation has several potential applications in the LHC,
such as phase advance and E measurements, dynamic
aperture studies and the investigation of resonant driving
terms.
The technique was tested in the SPS using the
transverse damper as an “AC-Dipole” providing the fixed
frequency excitation [6]. Figure 16 shows the set-up used.
Excitation was attempted for various ramp rates and
flat-top durations. Figure 17 shows the beam response, as
measured by the prototype LHC orbit and trajectory
system described in section 3.3. The emittance blow-up
as a function of the excitation frequency was investigated,
with the results shown in figure 18. No emittance blow-
up is observed when the excitation frequency is outside



















Figure 16: Set-up for “AC-Dipole” excitation in the SPS
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Figure 18: Emittance blow-up and oscillation amplitude
as a function of the excitation frequency.













First 900 turns after injection in the horizontal plane
Figure 15: The transverse behaviour of some selected
bunches in an LHC batch, measured using the
prototype LHC orbit and trajectory system.
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case was measured to be ~0.012. Excitation amplitudes of
up to 1mm can, however, still be reached at such
frequencies, using only one damper module. These results
are encouraging and further studies will continue in the
coming years.
4.2  Luminosity Monitors for the LHC
Progress continued with the luminosity monitor project
for the LHC within the framework of the US/LHC
collaboration. The LBNL (Berkeley) ionisation chamber
detector was shipped to CERN in June 2000 together with
the modular iron absorber and the associated electronics,
and was tested using the H4 400GeV proton beam line in
the SPS North Area.
The experimental results confirmed the predicted
characteristics of the electromagnetic showers generated
in variable lengths of iron absorber. Useful information
on the behaviour of the LBNL ionisation chamber
detector was collected, and modifications were seen to be
necessary to meet the required performance for bunch-to-
bunch luminosity measurement.
In addition to the ionisation chamber, a thick
polycrystalline-CdTe detector was also tested in the H4
beamline for potential use as an LHC luminosity monitor.
The signal response showed a rise-time in the sub-
nanosecond domain and a decay time of a few
nanoseconds, which is sufficient for bunch-to-bunch
measurements in the LHC.
Irradiation-tests with a neutron dose of about 1015
neutrons/cm2 have demonstrated that there is no
significant loss in the sensitivity or speed of the CdTe
detector. Further tests using higher doses will be carried
out in 2001.
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